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treated with an albumin precipitant, such as 
nitric arid, sulphosahcylic acid, picric aedd or 
acetic acid with heat, and the presence of albu- 
min ds indicated by the formation of a 

25 precipitate, the volume or density of which is 
dependent on the amount of albumin present. 

In all such tests, wherein the precipitation 
of albumin is an essential step, some labora- 
tory apparatus is required, and the testing pro- 

30 cedures are further complicated by the neces- 
sity of preparing and handling the corrosive 
reagents required. Furthermore, when it . is 
desired to conduct a large number of albumin 
determinations by the aforementioned preedpi- 

35 tation tests, the greatly multiplied manipula- 
tive steps required by such a series of tests 
demand the services of a correspondingly large 
staff of technicians, if the results are to be 
known within a reasonable time. 

40 It would obviously be of advantage to 
devise a test for albumin which would not 
require any specialized apparatus or liquid 
reagents other than the specimen being tested, 
and which, could be conducted easily and 

45 reliably even by unskilled persons. Accord- 



by unskilled persons, without special raemmes. 

The principle underlying the present inven- 
tion is the phenomenon of tc protein error" 
exhibited by certain indicators whereby, in the 
presence of proteins, such indicators will under- 70 
go their characteristc. colour changes at lower 
pH values than that at which they will change 
colour in the absence, of. protein. That is to 
say, an indicator which exhibits protein error 
will, in a solution containing protein, by its 75 
colour indicate a higher pH value for such 
solution than is actually the case, the extent 
to which the characteristic colour-change point 
of the indicator is shifted is some indication 
of the amount of protein in the solution. 80 

In accordance with the invention, therefore, 
an indicator for determining albumin in liquids 
is provided, comprising a bibulous body car- 
rying an indicator dye which exhibits protein 
error, and a solid acid-reacting material effec- 85 
tive to buffer the body and the dye at a point . 
adjacent to, but on the acid side of, the pH 
at which the colour change of the dye normally 
occurs. 

This invention also consists in a method of 90 
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We, Miles Laboratories., Inc., a Corpora- 
tion organized and existing under the laws of 
the State of Indiana, United States of America, 
of 1127, Myrtle Street, Elkhart, Indiana, 
United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by which 
it is to be performed, to be particularly des- 
cribed in and by the following statement: — 
This invention relates to an indicator for 
the detection of albumin dn liquids, and relates 
particularly to indicator bodies or compositions 
havring utility in the qualitative and semi- 
quantitative determination of albumin in body 
fluids, such as urine. 

The presence of albumin in urine has long 
been known to be an indication of a diseased 
or traumatic condition, and many tests for the 
detection of albumin have been developed. In 
most of these tests, the urine specimen is 
treated with an albumin precipitant, such as 
nitric acid, sulphosalicylic acid, picric add or 
acetic acid with heat, and the presence of albu- 
min ds indicated by the formation of a 
precipitate, the volume or density of which is 
dependent on the amount of albumin present. 

In all such tests, wherein the precipitation 
of albumin is an essential step, some labora- 
tory apparatus is required, and the testing pro- 
cedures are further complicated by the neces- 
sity of preparing and handling the corrosive" 
reagents required. Furthermore, when it is 
desired to conduct a large number of albumin 
determinations by the aforementioned precipi- 
tation tests, the greatly multiplied manipula- 
tive steps required by such a series of tests 
demand the services of a correspondingly large 
staff of technicians, if the results are to be 
known within a reasonable time. 

It would obviously, be of advantage to 
devise a test for albumin which would not 
require any specialized apparatus or liquid . 
reagents other than the specimen being tested^ 
and which could be conducted easily and 
reliably even by unskilled persons. Accord- 



ingly, it is an object of the invention to provide 
a solid, dry indicator composition, which 
incorporates all the reagents necessary for 
determining the presence of albumin in 
liquids, and which will reduce the manipula- 
tive steps required for such determination to 
the simple act of applying to such composition 
a small quantity of the liquid to be tested. 

An additional object is to provide an indica-r 
tor of the type referred to in the previous 
paragraph, which is conveniently; fabricated 
from bibulous material which may take the 
form of thin absorbent sheet material, such 
as paper, impregnated with a reagent which, 
upon contact with the liquid to be tested^ will 
undergo a colour change if albumin is present. 

A further object is to provide ah . indicator 
body or composition having utility in testing 
for albumin dn urine, which will permit quick 
and reliable determinations to be made even 
by unskilled persons, without special facilities. 
^ The principle underlying the present inven- 
tion is the phenomenon of " protein error " 
exhibited by certain indicators whereby, dn the 
presence of proteins, such indicators will under- 
go their characteristc colour changes at lower 
pH values than that at which they will change 
colour in the absence of protein. That is to 
say, an indicator which exhibits protein error- 
will, in a solution containing protein,; by its 
colour indicate a higher pH value for such 
solution than is actually the case, the extent 
to which the characteristic colour-change point 
of the indicator is shifted is some, indication 
of the amount of protein in the solution. 

In accordance with the invention, therefore, „ 
an indicator for determining albumin in liquids 
is provided, comprising a bibulous body car- 
rying an indicator dye which exhibits protean 
error, and a solid acid-reacting material effec- 
tive to buffer the body and the dye at* a point.' 
adjacent to, but on the add side, of, the pH 
at which the colour change of the dye normally , 
occurs. 

This invention also consists in a method of 
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making an indicator for detecting albumin in 
liquids, which comprises (1) impregnating a 
bibulous carrier with a solution of an indicator 
dye which exhibits protein error, and a solid 
5 acid-reacting material effective to buffer the 
carrier and the dye at a point adjacent to, but 
on the acid side of, the pH at which the colour 
change of the dye normally occurs and (2) 
drying the carrier. 
10 When an indicator according to the inven- 
tion is used to test a liquid specimen, for 
example, a urine specimen, (i.e., a liquid hav- 
ing a pH of about 4.5 to .8.5), the colour 
exhibited by the indicator t composition prior 
15 to an albumin test is, therefore, ..that colour 
which is characteristic of the. dye at the pH 
just below the colour-change point; when such 
a indicator composition is "moistened with a 
liquid to be tested, if the liquid does not 
20 contain protein (albumin) the composition does 
not change colour; on -the other hand, if the 
liquid does contain protein, the protein error 
of the dye takes effect and a colour characteris- 
tic of a somewhat higher pH- is. formed, which . 
25 results in a change of colour of the indicator 
composition. 

An indicator composition according to the 
invention is most conveniently prepared by 
impregnating a filter paper earner strip with 
30 a solution of the indicator dye and buffer and 
thereafter air-dryihg the impregnated carrier. 
As would be expected, only a small amount 
of indicator dye is needed to colour the carrier 
strips adequately in. use. We have found, for 
35 example, that carrier strips are adequately, 
coloured by wetting them with an impregnat- 
ing solution containing: 0.005% to 0.3%, and 
preferably 0.01% to 0.07% by weighty of the 
dye. However, these dye proportions are not 
40 critical and somewhat higher or lower pro- 
portions may be used if desired. 

The proportion of buffer in the impregnat- 
ing solution, which buffer in our " preferred " 
embodiments takes the form of solid acids 
45 or acid salts, will of course vary with the 
particular buffer used with the pH value at 
which it is desired to buffer the carrier and 
dye. We. have found that when urine is the 
liquid to be tested for albumin, using the 
50 buffers hereinafter, identified, a carrier strip, 
which is suitably buffered to any pH which 
may be required by the usual indicator dyes, 
may be prepared by wetting the carrier with 
an impregnating solution containing 0.5% to 
55 25% preferably 1.0% to 8.0%, by weight of 
the buffer, and thereafter -drying the carrier. 
However, buffer concentrations outside that 
range may of course, be employed if necessary. 
The following examples are illustrative of 
60 the indicator comjpositions of the invention and 
of the method - of preparing them : — 

Example 1 
35 mg. of a citrate . buffer salt " (containing 
27% sodium citrate dihydrate and 73% anhy- 



drous citric acid) is dissolved in 0.5 ml. water. 65 
To this is added 0.5 ml. of 0.1%. tetra- 
bromophenolphthalein ethyl ester dissolved in 
ethyl alcohol. This mixed solution is used to 
. impregnate strips of filter paper, such as Eaton 
and Dikeman No. 623. After being air-dried 70 
the treated strips are ready for use. Albumin 
test papers prepared in this way are buffered 
to about pH 3. Stability tests on indicator 
compositions prepared in this manner indicate 
that they are completely stable for at least 75 
five months. 

Example II 
Standard filter paper of medium thickness 
(about 0.0025 in.) is cut into, strips of con- 
venient size which are impregnated with, a 80 
solution having the following composition, and 
are then air-dried: — 

. Brom-phenol blue - - . 0.002 gm. 
Phthalic acid - - 11000 gm. 

Fumaric acid - 1.000 gm. . 85 

Water - - - -20 ml. 

Example III 
Strips of filter paper are dipped in. a solu- 
tion having the following composition, and 
are thereafter air-dried: — 90 

Brom phenol blue - - . 0.002 gm. 

Aluminium sulphate - 5.000 gm. 

Water - - . - - 20 ml. 
Although we prefer to prepare our indicator 
compositions by impregnating strips of paper 95 
with a solution of the dye and buffer agent,, 
as described in the above examples, because 
of the obvious" convenience of that, procedure, 
we intend to include within the scope of. our 
invention indicator compositions prepared by 100 
other, methods, such as by adhesively fixing 
to the surface of that carrier a finely-divided 
dry, intimate mixture of the dye and the 
solid buffer agent using any suitable protein- 
free adhesive such as starch. 105 

Our experience leads us to believe that 
practically any solid acid may be used in a 
buffer capacity in the present indicator com- 
positions, provided the acid is capable of 
lowering the pH of the composition below . no 
the colour-change point of the indicator dye. 
For instance, in Example I 3 wherein the colour- 
change point of the dye (tetrabromophenol- 
phthalein ethyl ester) is pH 3.5, the follow- 
ing acids (used singly or in combination): tar- 115 
taric, maleic, ascorbic, , salicylic, sulphosalicylic, 
oxalic, itaconic, gluconic, sulphamic, succinic, 
benzoic, mandelic, glutaric, malic and phthalic 
are among those which may be substituted 
for the citric acid-sodium citrate buffer" sped- 120 
fically disclosed. 

In Example- II, wherein the dye used (Brom 
phenol blue) has a colour-change point at 
pH 3.0 aluminium sulphate or aluminium 
chloride, or suitable formulations including 125 
one or more of the following: salicylic, citric, 
fumaric, phthalic, malic, tartaric, sulphamic, 
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sulphosalicylic, itaconic, succinic, mandelic, 
glutaric and benzoic acids, may be substituted 
for the phthalic arid-fumaric acid buffer speci- 
fically disclosed in that formulation. However, 
5 it will be understood by those skilled rin the 
art that all of the acids which are capable of 
use as buffers with a particular dye will not 
necessarily be used in the same proportions 
set forth an the above examples, since a smaller 
10 quantity of the stronger acids will be needed 
to buffer the composition to the pH value 
required by that dye than will be necessary 
when weaker acids are used for this purpose. 
Although the indicator dyes specifically iden^ 

15 tified in the above examples are presently 
preferred, since when buffered as illustrated 
they produce a sharply-defined colour-change 
in the presence of as little as .01% of albumin 
in the urine being tested, other dyes may . also 

20 be used dn our compositions, provided such 
dyes exhibit the phenomenon of "protein 
error " discussed above. Examples of other suit- 
able dyes are Brom Cresol Green dimethyl- 
aminoazobcnzcne and congo red. 

25 In general, \ve "prefer to use dyes in ouf~ 
indicator compositions which exhibit their nor- 
mal colour-change at a pH of 7 or less because 
of the wide variety of solid acids and acid- 
reacting salts which are available for buffering 

30 over a wide pH range below pH 7. However, 
the invention may be practised using dyes 
whose characteristic colour-change occurs above 
pH 7, and in which cases buffers effective 
in the alkaline range, such as Na CO' 3 — 

35 NaH C0 3? Na H 2 PQ 4 — Na 2 HP0 43 or 
Na-, HPO,— Na 3 P0 35 will be used. 

The material which we prefer to. use as the 
carrier in our indicator compositions is paper 
stock, as noted above, since at is inexpensive 

40 and readily available in the degree of purity 
most suitable for that purpose. However, other 
absorbent materials, including certain textile 
fabrics, may be used as the carrier component, 
if desired. 

45 The mode of use of our indicator composi- 
tions will now be described, using the compo- . 
sition of Example I for reference. As indica- 
ted above, a test strip prepared according to 
this example is buffered by means of the 

50 sodium citrate-citric acid to a pH of about 
3, and at this pH value the dndicator dye 
(tetrabromophenolphthalein ethyl ester) is 
yellow. In conducting the test for albumin, 
such a strip is placed into the urine and 

55 promptly removed, since the pH of the mois- 
tened strip must be dominated by the buffer 
in the composition. For this reason, the test-r 
ing strap could remain only momentarily in 
contact with the relatively large volume of the 

60 urine being tested, in order to avoid any 
substantial leaching of the buffer from the 
carrier. Because of the buffer action, the strip, 
when removed from the urine being tested, 
retains its yellow colour in the absence of 

65 protein (albumin). However, in the presence 



of protein in the amount of 0101 % and above 
the dye with which the strip is impregnated -. 
will, in response to the protein error, display 
a blue colour, the intensity of the colour 
being an index of the proportion of protein 70 
in the urine specimen. The compositions of 
the examples have a sensitivity to protein in 
the useful clinical range of 0.01% to over . 
2.0% of protein. 

By the foregoing test procedure, good quali- - 75 
tative determinations, and even.semi-quantita-. 
tive determinations of albumin may be 
obtained. For more accurate results, the dye . 
colours produced by albumin in the urine being 
tested are compared -with- a colour chart show- ■ 80 
ing the. colours exhibited by the same dye when 
subjected to a number of standard solutions of 
albumin within the - range of albumin con- 
centrations found in urine. 

It will be seen from the foregoing- that the 85 
invention in its broadest aspects relates to . 
indicator compositions in the form of con- - 
venient carrier compositions or bodies having 
incorporated therewith an indicator dye which'; 
exhibits the phenomenon of " protein error " 90 
and a solid buffering agent capable of buffer- 
ing the carrier and the dye to a pH somewhat . 
below the pH value at which the dye normally 
undergoes its characteristic colour-change. . 
Accordingly, it is to be understood that the . 95 
description and examples set forth hereinabove 
are intended to define and illustrate, but not 
to limit, the invention to the particular re- 
agents or proportions set forth herein. 

WHAT WE CLAIM IS:— 100 

1. An indicator for determining albumin • 
in liquids, comprising, a bibulous body carry-- 
ing an indicator dye which exhibits protein *. 
error, and a solid acid-reacting, material effec- 
tive to buffer the body and the dye at a point 105 
adjacent to, but on the acid side of 3 the pH 

at which the .colour change of the dye normally 
occurs. 

2. An dndicator as claimed in Claim 1, which 
comprises a dry bibulous carrier haying incor- 110 
porated therein the solids remaining after 
impregnation of the carrier with a solution 

of the indicator dye and the acid-reacting • ! . 

material, the dye being present in the solution 

in an amount of from 0.005% to 0.30% by 115 

weight and the acid being present in the 

solution in an amount of from 0.5% to 25% 

by weight. 

3. An indicator as claimed in Claim 1 or 2 

in which the acid-reacting material is a mixture 120 
of sodium citrate and citric acid. 

4. An indicator as claimed in Claim 1, 2 
or 3, in which the indicator dye is. bromphenol 
blue. 

5. An indicator 'as claimed in Claim 1, 125 
2 or 3, in which the indicator dye is tetra-: - 
bromophenolphthalein ethyl ester. . 

6. An indicator as claimed, in Claim 2, in 
which the carrier, incorporates the solids 
remaining after impregnating the carrier with 130 
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a solution containing 0.05% by weaght of tetra- 
bromophenolphthalein ethyl ester and 3.5% 
by weight of the mixture of sodium citrate and 
citric acid, about 27% of the mixture consist- 
5 ing of sodium citrate dihydrate and the 
remainder consisting of anhydrous citric acid. 

7. An indicator as claimed in Claim 2, in 
which the carrier has incorporated therein the 
solids remaining after impregnation of the 

10 carrier with a solution having the following 
composition : — 

Brom-phenol blue - - 0.002 gm. 

Phthalic acid - - - 1.000 gm. 

Fumaric acid - - - 1.000 gm. 
15 Water - - - - 20 ml. 

8. An indicator as claimed in Claim 2, 
in which the carrier has incorporated therein 
the solids remaining after impregnation of the 
carrier with a solution having the followng 

20 composition: — 

Brom-phenol blue - - 0.002 gm. 
Aluminium sulphate - 5.000 gm. 
Water - - - - 20 ml 



9. An indicator for detecting albumin in 
liquids, substantially as described rin the fore- 25 
going examples. 

10. A method of making an indicator for 
detecting albumin in liquids, which comprises 
(1) impregnating a bibulous carrier with a solu- 
tion of an indicator dye which exhibits protein 30 
error^ and a solid acid-reacting material effec- 
tive to buffer the carrier and the dye at a 
point adjacent to, but on the acid side of, 

the pH at which the colour change of the dye 
normally occurs and (2) drying the carrier. 35 

11. A method of making an indicator for 
detecting albumin an liquids, substantially as 
described with reference to the foregoing 
examples. 
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